Abstract-We examined the
It was demonstrated that opiate drugs interacted with opiate receptors associated with the sodium channel in frog skeletal muscle and depressed the rate of rise and amplitude of action potential (1-3). On the other hand, it was also reported that morphine and the opiate antagonist naloxone depressed sodium and potassium currents and inhibited the action potential in frog node of Ranvier. Thus it was thought that the effects did not result from an interaction of the drugs at specific opiate receptors and that there were no specific opiate receptors in the membrane of the peripheral nerve (4, 5) . In the present research, we investigated the effects of morphine and morphine-related compounds on the rate of afferent discharges from isolated frog lung to elucidate the presence of opiate receptors, which have been identified in mammalian lung (6) (7) (8) (9) .
Materials and Methods
The experiments were performed on bullfrogs (Rana catesbeiana) weighing 250 350 g. Preparations and recording methods were described in a previous paper (10) . The right lung was excised together with the pulmonary branches of the right vagus nerve, and a tracheal cannula and an arterial cannula were inserted. The lungs were perfused with amphibian Ringer's solution (pH 7.5±0.2, room temperature). The lung was inflated with an artificial respirator (Takahashi, model TB-101) with air (5 ml) at the rate of 3-4/10 sec during the experi ment. Each inflation lasted for 0.6-0.7 sec.
The afferent discharges were recorded from the pulmonary nerve branches placed on a pair of platinum electrodes. As the bundle of afferent fibers was placed on the recording electrodes, the discharges from some groups of receptors were recorded simultaneously. As we could not classify the spikes according to the amplitude, the spikes higher than an arbitrary threshold were then transformed into unit square wave pulses and fed into a leaky integrator (time constant of 0.1 sec All of these drugs except capsaicin were dissolved in Ringer's solution. Capsaicin was dissolved in ethanol and then diluted with Ringer's solution to make the appropriate final concentration.
The concentration of ethanol was 0.1% in the Ringer's solution. Apomorphine was dissolved in Ringer's solution immediately before use. In order to study the effects of oxidized apomorphine, apomorphine (1 x10-4 M) containing Ringer's solution was kept in refrigerator over night and the green-colored solution was perfused to the frog lung.
Results

Effects
of morphine and morphine related compounds on the rate of afferent discharges from the perfused bullfrog lung: Figure 1 shows the effects of morphine, naloxone, levallorphan and pentazocine at concentration
(1 x 10-4 M) on the rate of afferent discharges from the perfused frog lung. Morphine and naloxone decreased the rate of spontaneous afferent discharges, but did not decrease the rate of afferent discharges synchronized with lung inflation. Leval lorphan and pentazocine decreased the rates of both types of afferent discharges.
The decreasing effect of each drug on the rates of afferent discharges could be reversed by washing out of these drugs. At 1 X10-4 M, dihydrocodeine, dextrorphan and pethidine decreased the rate of spontaneous afferent discharges, but did not decrease the rate of afferent discharges synchronized with lung inflation. At a higher concentration
(1 X10-3 M), pethidine clearly decreased both of the rates of spontaneous afferent discharges and discharges synchronized with lung inflation. On the other hand, morphine even in a concentration as high as 10-3 M never decreased the rate of afferent discharges synchronized with lung inflation. The effects of drugs are summarized in Table 1 . All of these drugs did not change the flow rate of perfusion solution from the pulmonary vein. Methionine-enkephalin
(1 x 10-5 M) had no effect on the rates of these afferent discharges and flow rate of perfusion solution. Naloxone (1 X10-7 M) which did not affect the rate of spontaneous afferent discharges had no effect on the inhibitory effect of morphine (1 x10-4 M). In the presence of naloxone or levallorphan at the concentration of 1 x 10-5 M, which only slightly decreased the rate of spontaneous afferent discharges, morphine (1 x 10-5 and 1 x10-4 M) caused additive decrease in the rate of afferent discharges ( Fig. 2 and Table  2 ). Figure 3 shows the stimulating effects of dextromethorphan and apomorphine on the rate of afferent discharges.
These drugs at the concentration of 1 x 10-4 M caused transient increase in the rate of spontaneous afferent discharges, which was followed by a decrease in both of the rates of spontaneous afferent discharges and afferent discharges synchronized with lung inflation. After washing out of dextromethorphan or apomorphine, the rates of afferent discharges almost returned to the level before application of the drug. The reapplication of dextrome thorphan or apomorphine (1 X 10-4 M), however, could not cause the increase, but caused the decrease in the rates of afferent discharges (Fig. 3) . These drugs did not change the flow rate of perfusion solution when the rate of spontaneous afferent discharges was increased. When apomorphine was applied, the perfusion solution gradually leaked into the lung parenchyma. After washing out of apomorphine, the leak of solution into the lung parenchyma continued and the lung was expanded by the leaked solution, but the rate of afferent discharges synchronized with lung inflation was almost restored to the level before application of apomorphine. The rate of afferent discharges synchronized with lung inflation hardly changed, before or after the solution was drawn out from the lung parenchyma. The green-colored solution containing oxidized apomorphine (1 X10-4 M) also caused an increase in the rate of spontaneous afferent discharges followed by a decrease both of the rates of spontaneous afferent discharges and afferent discharges synchronized with lung inflation in a manner similar to that of apomorphine (1 x10-4 M). 2. Effect of capsaicin: Since an alcoholic stock solution of capsaicin was used, the effect of ethanol (0.1%) was tested on the rate of afferent discharges. Ethanol (0.1%) did not change the rate of afferent discharges. Capsaicin (1 X 10-4 M) increased the rate of spontaneous afferent discharges and then decreased both rates of the spontaneous afferent discharges and the afferent discharges synchronized with lung inflation without appearent alteration of the flow rate of perfusion solution.
After washing out of capsaicin, both the rates of afferent discharges were almost restored to the level before application of capsaicin. Reapplication of capsaicin
(1 x 10-4 M) could cause a similar alteration in the rates of afferent discharges to those of first application of capsaicin (Fig. 4) . 
Discussion
In the present experiment, we examined the effects of morphine and morphine related compounds on the receptors which were on the pulmonary vessel and generated the spontaneous afferent discharges and the receptors on the alveolar wall which con sisted of air cells and generated the afferent discharges synchronized with lung inflation in the bullfrog lung (11) . Morphine and the opiate antagonist naloxone decreased the rate of spontaneous afferent discharges ( Fig.  1 and Table 1 ), but methionine-enkephalin (1 x 10-5 M) did not affect the generation of afferent discharges in the bullfrog lung. It was reported that there was an opiate receptor in the rat lung, and morphine and enkephalin-analogues caused an increase in the vagal afferent discharges from opiate receptors in the juxta-pulmonary capillary regions (type J receptor) (8 and 9). We (11 ) reported that the receptor which generated spontaneous afferent discharges in the bullfrog lung was an analogue to the type J receptor in mammalian lung. It was reported that D-met-pro-enkephalin stimulated the type J receptor in the rat lung, and it caused apnea, bradycardia and hypotension (12) . (13) . Capsaicin increased the rate of spontaneous afferent discharges from the bullfrog lung (Fig. 4) . The result indicates that although the receptors which are stimulated by capsaicin may be present in the frog lung, they can not be stimulated by opiates. Morphine was reported to be an inhibitor of spontaneous chemoreceptor discharges from the carotid body of the cat through the opiate receptors (14) . The chemoreceptors were powerfully inhibited by methionine-enkephalin, and the inhibitory effects of morphine were antagonized by naloxone (14) . Frank (2) reported that naloxone in a low concentration (3x10-5 to 3X10-4 mM) acted as a narcotic antagonist, and in a high concentration (1.5X10-2 MM or more), it exerted an action almost identical to that of narcotics on the ion conductance of the frog skeletal muscle membrane.
In bullfrog pulmonary receptor, we could not confirm that naloxone (1 x10-7 M) reversed the inhibitory effect of morphine on the generation of afferent discharges.
However, naloxone and levallorphan at 1 x10-5 M showed the inhibitory effects, and additive rather than antagonistic effects to morphine were observed ( Fig. 2 and Table 2 ). These results indicated that there was no specific opiate receptor in the bullfrog lung and that the inhibitory effects of morphine and naloxone on the generation of afferent discharges at the bullfrog pulmonary receptor might be due to the depression of sodium and potassium conductances by these drugs in similar mechanisms to those reported in the frog node of Ranvier and the squid axon (4, 5, 15) . It was reported that morphine inhibited the repetitive discharges of frog sensory fibers (5). Morphine could not decrease the rate of afferent discharges synchronized with lung inflation. It was difficult to consider that the sensory fibers of receptors which generated spontaneous afferent discharges were more sensitive to the conduction blocking effects of morphine than those of the receptors which generated afferent discharges synchronized with lung inflation. However, the possibility could not be excluded. Morphine may directly depress the excitability of the receptors which generated the spontaneous afferent discharges. Dihydrocodeine, dextrorphan and pethidine mainly decreased the rate of spontaneous afferent discharges. The in hibitory effects of these morphine-related compounds may be related to the morphinan structure and be due to the direct inhibition of the membrane excitability of the pulmonary receptor, like morphine or naloxone. Levallorphan, pentazocine and the high concentration of pethidine decreased the rate of afferent discharges synchronized with lung inflation as well as the rate of spon taneous afferent discharges ( Fig. 1 and Table 1 ). We consider the possibility that the inhibitory effects of these drugs on the rate of afferent discharges synchronized with lung inflation may be related to the degree of solubility of the molecule to the receptors on the alveolar wall of bullfrog lung.
On the other hand, apomorphine and dextromethorphan caused an increase in the rate of spontaneous afferent discharges followed by an inhibition of generation of afferent discharges.
Apomorphine and dex tromethorphan may stimulate the receptor directly. We could not clarify the structure activity relationship between the inhibitory and stimulating effects of the morphine related compounds. When capsaicin (Fig. 4) and local anesthetics (for example procaine (10)) were reapplied after washing out of each drug, these drugs could increase the rate of spontaneous afferent discharges again. However, reapplication of apomor phine or dextromethorphan after washing out of each drug only caused the inhibition of the generation of afferent discharges (Fig. 3) . Apomorphine and dextromethorphan would have both stimulating and inhibitory effects on the receptors which generated spontaneous afferent discharges. The receptor would become desensitized to the stimulating effects of these drugs after a prolonged exposure and only the inhibitory effect of these drugs on the receptor would be apparent.
Since the effect of oxidized apomorphine on the rate of spontaneous afferent discharges was similar to that of apomorphine, the stimulating effect of apomorphine or desensitization to apomor phine on the receptor would not be related to the oxidization of apomorphine.
